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ABSTRACT: Melt mixing in an extruder with polymers
is an effective approach for forming nanocomposites,
allowing mass production applications. The intent of this
study is to investigate carbon nanofiber composites with
ultrahigh molecular weight polyethylene (UHMWPE) ma-
trix using the twin-screw extruder. To decrease the high
viscosity of UHMWPE, a low density polyethylene (LDPE)
was added into the UHMWPE. The effects of carbon nano-
fibers (CNFs) on the crystalline structures and properties
of the nanocomposites were analyzed. The differential
scanning calorimetry (DSC) and X-ray diffraction (XRD)
measurements showed the addition of CNFs decreases the

degree of crystallinity, but does not impart significant
effects on the crystalline structure of the UHMWPE/LDPE
blend. Tensile test results showed that the nanocompo-
site with loading of 3 wt % CNFs had an increase of
38% in tensile strength and 15% in modulus. The ther-
mal stability and thermal conductivity of UHMWPE/
LDPE blends were also enhanced by the addition of
CNFs. � 2007 Wiley Periodicals, Inc. J Appl Polym Sci 107:
2837–2845, 2008

Key words: UHMWPE; carbon nanofiber; the twin-screw
extruder

INTRODUCTION

Ultrahigh molecular weight polyethylene (UHMWPE)
has many excellent properties, including high impact
strength, low friction coefficient, good chemical resist-
ance, and biocompatibility which make it a promising
material for total joint replacement components.1–4

However, mechanical and physical properties of
UHMWPE still need to be improved in the areas of
yielding, fracture, and fatigue behavior. These factors
currently limit the longevity of UHMWPE as a bear-
ing material used in total joint replacement compo-
nents.1 Therefore, it is desirable to further increase
the mechanical properties and other properties such
as the wear and friction resistance of UHMWPE mate-
rials.

To enhance various properties of UHMWPE,
many programs have attempted to add fillers into
UHMWPE to produce polymer matrix composites.
These fillers had been reported to include carbon
black,5 graphite,6 ceramic (kaolin),7 metal,8 and
UHMWPE fibers.9 Nanofillers have attracted much
attention because of their higher specific area, higher

surface energy, and better mechanical properties than
micro-fillers. It was reported that hydroxyapati-
te(HA)/UHMWPE nanocomposites with loading of
0.23 vol % HA nanoparticles showed the modulus
was increased 10 times over that of neat UHMWPE.10

However, there was little enhancement in yield
strength and ductility of UHMWPE.

Carbon nanofibers (CNFs) are attractive nanofillers
for polymer composites due to their high mechanical
and thermal properties and relatively low cost com-
pared with carbon nanotubes (CNTs). Polyethylene
and polypropylene have been reinforced by CNFs.11–14

The results showed that the mechanical properties of
these polymers were improved with the addition of
CNFs, leading to the proposition that CNF re-
inforced UHMWPE composites may have potential
for application in total joint replacement. CNF/
UHMWPE nanocomposite films have been studied
and the results showed that the presence of up to
5 wt % CNFs led to a 10-fold toughness improve-
ment over the pure UHMWPE film.15 However,
there are very few reports on mechanical properties
of CNF/UHMWPE nanocomposite bulk materials
other than CNF/UHMWPE nanocomposite films.

Many study results showed that the property
improvement of nanocomposites is directly related
to the dispersion levels of CNFs. To effectively dis-
perse the CNFs in matrix polymers, miniaturized
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internal mixer,12 single screw extruder,14 twin-screw
blender,15 and high speed mechanical agitator16 have
been applied. For mixing the CNFs specifically in
UHMWPE, it has been reported that a twin-screw
blender15 was used. But the dispersion of CNFs in
UHMWPE was still unsatisfactory, and processing
technology that could result in uniform dispersion of
CNFs and be suitable for mass production still needs
to be developed.

Twin-screw extruders have been widely used in
the processing of polymeric materials in industry,
and produced uniform particle dispersion by the
shear force in processing HA/UHMWPE nanocom-
posites.10 However, high aspect ratio of CNFs and
high viscosity of UHMWPE makes it difficult to pro-
cess using the twin-screw extruder. Some solutions
used to decrease the viscosity of UHMWPE include
paraffin oil,10 xylene,17 decalin,9,18 but these solu-
tions affect the properties of the composites because
it is hard to extract them out of the composites
and clean the extruder. It is well known that blend-
ing with other thermoplastic polymers with low
viscosity could improve the processibility of
UHMWPE.19,20

The intent of this study is to investigate the fabri-
cation and property enhancements of the CNF-rein-
forced UHMWPE nanocomposites prepared by using
a newly acquired twin-screw extruder. Because of
the high viscosity of UHMWPE, which made it ini-
tially difficult to be processed by the twin-screw ex-
truder, a low density polyethylene (LDPE) was
blended with UHMWPE for the ease of the process-
ing. After several preliminary experiments, the blend
with the highest ratio of the UHMWPE to LDPE that
can be extruded using this lab size extruder was
determined to be 30 : 70. A set of nanocomposites
with different loadings of CNFs in this chosen poly-
mer matrix blend of UHMWPE/LDPE were pre-
pared using the twin-screw extruder. It should be
noted here that although we have an on-going inter-
est in investigating the pure UHMWPE nanocompo-
sites, we conducted this initial work on nanocompo-
sites with the UHMWPE/LDPE blend due to the
inability to process pure UHMWPE in this manner
using the extruder. We feel this work resulted in
some interesting findings on the effects of CNFs on
the subject crystalline structures and on the mechani-
cal and thermal properties of UHMWPE which can
lead to generalizations useful for future work.

EXPERIMENTAL

Materials

The medical grade of UHMWPE powder used in
this study is GUR 10201 with molecular weight of
3.5 3 106 g/mol and density of 0.935 g/cm3 sup-
plied by Ticona, KY. Figure 1 shows the morphology

of the UHMWPE used in experiment. The LDPE
powders were Marlex 10031 with the density of
0.917 g/cm3 provided by the Chevron Philips, TX,
USA. The CNFs used in this study are Pyrograf III1

Carbon Fibers, HHT Grade, supplied by Pyrograf
Products, OH, USA, which are 100–200 nm in diame-
ter and 30–100 lm in length.

Preparation of the nanocomposites

Blending UHMWPE with LDPE was at the ratio of
3 : 7, and then mixed with CNFs. The mixture was
further compounded by the twin-screw extruder
(Micro 18/GL-400, manufactured by the Leistrize Ex-
truder, Germany) at the rate of 20 rpm. This twin-
screw is capable of corotating, intermeshing, and
counter-rotating for high shear compounding for
polymer melts, with Micro-18 mm multimode and
40 to 1 L/D specially designed for fabricating nano-
and biocomposites. The temperature profile from
hopper to die was as follow: 135, 183, 193, 196, 202,
205, and 2058C. The samples from the extruder were
palletized into the granules. The granules were
heated at 2008C for 1 h, and then formed into a
panel by press (10.5 MPa) for 5 h using the hot press
equipment provided by CARVER., USA.

To investigate the effects of CNFs on the crystal-
line structure and properties of nanocomposites,
the nanocomposites with the addition of 0.5, 1, and
3 wt % CNFs and the UHMWPE/LDPE blend with-
out CNFs were prepared.

Characterizations of the materials

The differential scanning calorimetry (DSC) analysis
was performed on TA Instruments DSC Q1000. The
samples of 3–5 mg in weight were heated from 25 to
2008C at the rate of 108C/min, then cooling down to
the 258C at the rate of 108C/min and heated from 25
to 2008C at the rate of 108C/min again. The crystal-

Figure 1 The morphology of UHMWPE powder.
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line structure of carbon nanocomposites was studied
by X-ray diffraction (XRD) analysis using the Power
Diffractmeter Phillips X’Pert MPD system. The
wavelength of X-ray was 0.1542 nm. All XRD data
were collected from 2y 5 5–358 with a step interval
of 0.028.

The mechanical properties were measured by a
universal testing machine (Q-TEST, MTS) with a 5-
kN load cell. The compression-molded panels with
different loadings of CNFs were cut into specimens
with dumb-bell shape showed in Figure 2. All the
specimens were tested at the rate of 2.5 mm/min.
The gauge length is 4 mm. The tensile strength and
modulus were obtained from average the values of
specimens. The morphology of fracture surfaces after
tensile test was observed by the JEOL JSM-6300
scanning electron microscope (SEM).

Dynamic mechanical analysis (DMA) using Q800,
TA Instruments, in three-point bending mode was
used to measure the dynamic mechanical properties
of the nanocomposites. Rectangular specimens of
60 mm 3 10 mm 3 4 mm in three dimensions were
cut from compression-molded panels for DMA test.
The initial load is 0.01N and amplitude is 20 lm.
The samples were ramped from room temperature
to 21008C at 38C/min, equilibrated at 21008C, and
then heated to 2008C at 58C/min. From the DMA
analysis, storage modulus (E0) and damping factor
(tan d) were obtained.

The thermal conductivity coefficients were meas-
ured by the Mathis TC-30TM conductivity test sys-
tem. The cooling time and test duration were 1 h
and 10 s, respectively. The thermogravimetrical anal-
ysis (TGA) was performed on Q500, TA Instruments.
The samples were heated up from ambient tempera-
ture to 6008C under nitrogen gas atmosphere. The
heating rate is 108C/min.

RESULTS AND DISCUSSION

Crystalline structure of carbon nanocomposites

The crystalline, melting temperature and degree of
crystallinity of the polymer matrix nanocomposites
were studied by the DSC test. The DSC test was in

the heat/cool/heat procedures. The samples were
heated from 25 to 2008C at the rate of 108C/min in
the first heating scan, and then cooling down to the
258C at the rate of 108C/min for crystallization, fol-
lowed by second heating procedure from 25 to
2008C at the rate of 108C/min. Figure 3 is the com-

Figure 2 Tensile test specimen geometry, thickness� 4 mm.

Figure 3 The comparison in the DSC curves of nanocom-
posites with different loadings of CNFs. (a) first heating
(b) cooling (c) second heating.
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parison in DSC curves of the polymer nanocompo-
sites in the first heating scan (a), crystallization dur-
ing cooling (b), and second heating scan (c).

Table I summarizes the thermal parameters ob-
tained from the DSC curves of the polymer matrix
and nanocomposites. Melting temperature (Tm) and
melting enthalpy (DHf) were obtained from the peak
temperature and peak area of DSC heating curves,
respectively, in Figure 3(a,c). Crystallization temper-
ature (Tc) and crystallization enthalpy (DHc) were
obtained from the peak temperature and peak area
of DSC cooling curves in Figure 3(b). The relative
variation values in degree of crystallinity (Dv) were
calculated from the heat of fusion with the following
expression:

Dv ¼ DHf � DH0

DH0
3 100%

where, DH0 is the heat of fusion of UHMWPE/LDPE
blends.

The melting temperature (Tm) in the first heating
scan had no visible change with the addition of
CNFs. The melting enthalpy (DHf) values of the
nanocomposites in first heating scan were obviously
lower than that of the polymer blend matrix. The
variation in DHf in the first scan caused the differ-
ence in the Dv values, which are related to the
degree of crystallinity. According to the values of
Dv, we found that the degree of crystallinity in nano-
composites with 0.5, 1, and 3 wt % CNFs were
reduced by 20.3, 4.5, and 4.8%, respectively, com-
pared with that of the UHMWPE/LDPE blend. In
the cooling process, the variation in crystallization
temperature (Tc) was also not obvious. The crystalli-
zation enthalpy (DHc) values of nanocomposites
were decreased compared with that of the polymer
blend. The nanocomposite with 0.5 wt % had the
lowest DHc value (135.4 J/g). In the second heating
scan, the variation in Tm is not obvious. The values
(Dv) showed the degree of crystallinity in nanocom-
posites with 0.5, 1, and 3 wt % CNFs that were
reduced by 25.3, 12.2, and 11.6%, respectively, com-
pared with that of the polymer blend matrix. The
variation in Dv values in the second scan was con-
sistent with that in the first heating scan.

Therefore, it can be concluded that the addition of
CNFs made little effect on the crystalline structure
and melting temperature, but caused a nonlinear
decrease in the degree of crystallinity of the polymer
nanocomposites. Generally, the CNFs affect the
degree of crystallinity through nucleation and crystal
growth. With the addition of CNFs into the
UHMWPE/LDPE blend, the CNFs as the effective
heterogeneous nuclei could increase the amount of
nuclei in the crystallization process, which may
increase the degree of crystallinity in the nanocom-
posites. At the same time, the friction between the
CNFs and polymer chains hindered the mobility of
polymer chains in the crystal growth, which could
decrease the degree of crystallinity in the nanocom-
posites.21 It is assumed that the hindering effect
caused by CNFs in crystal growth is dominant.
Therefore, the degrees of crystallinity in the three
kinds of nanocomposites were lower than that of the
polymer blend matrix. This dominant hindering
effect was also found in the polypropylene rein-
forced by CNTs,22 which suggested that the nanofil-
lers acting as restriction sites hindered polymer seg-
ments from forming highly order arrangements, and
as a result, the nanofillers decreased the degree of
crystallinity in the nanocomposites.

According to the assumption that the hindering
effect of CNFs is dominant during crystal growth
process, the small content of CNFs should have a
high degree of crystallinity associated with the high
content of CNFs. However, the DSC results showed
the degree of crystallinity in nanocomposite with 0.5
wt % CNFs was lower than those of the nanocompo-
sites with 1 and 3% CNFs, and nanocomposites with
1 and 3% CNFs had the similar degree of crystallin-
ity (see Dv values in Table I). It is speculated that
the CNFs could cause other changes in the structures
of nanocomposites, which influenced the degree of
crystallinity in this nanocomposite. These structural
changes in the nanocomposites were further studied
by the XRD and SEM test.

Figure 4 exhibits the XRD patterns of nanocompo-
sites with different loadings of CNFs. The diffraction
peaks at 21.68, 24.08, and 30.08 of 2y are assigned to
the (110), (200), and (020) crystal planes of polyethyl-
ene. The XRD patterns of the nanocomposites have

TABLE I
The Thermal Parameters Obtained from DSC Curves of Nanocomposites

First heating Cooling Second heating

Tm (8C) DHf (J/g) Dv (%) Tc (8C) DHc (J/g) Tm (8C) DHf (J/g) Dv (%)

UHMWPE1LDPE 127.1 151.1 – 117.7 168.5 127.9 168.6 –
0.5 wt % CNFs 127.4 120.5 220.3 119.0 135.4 128.6 125.8 225.4
1 wt % CNFs 127.9 144.3 24.5 119.6 153.2 128.6 148.1 212.2
3 wt % CNFs 128.1 143.9 24.8 119.9 144.0 128.3 149.1 211.6
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another diffraction peak at about 26.38 of 2y, which
is assigned to the (002) crystal plane of graphitic car-
bon. The diffraction peak of graphitic carbon is not
obvious because the diffraction peak intensity of poly-
ethylene is much higher than that of the graphitic
carbon. The diffraction peak intensity is associated
with the weight percent of nanocomposite compo-
nents. In this study, the maximum weight percent of
CNFs is only 3 wt %, therefore, the diffraction peak
intensity of graphitic carbon is much smaller than
others.

To characterize the crystalline structure of nanocom-
posites, the crystalline size (Dhkl) vertical to the diffrac-
tion planes was calculated by Scherrer’s equation:

Dhkl ¼ k
H3 cosu

The space between different diffraction planes
(dhkl) was calculated by Bragg’s equation:

Dhkl ¼ nk
2 sinu

where, k is the X-ray wavelength used in XRD test,
0.1542 nm; H is the half high width of diffraction
peak; y is the Bragg angle; Table II shows the calcu-
lation results from XRD patterns of nanocomposites
with different loadings of CNFs.

The 2y values of (110) and (200) crystal planes in
Table II indicated that there was no obvious shift of
all diffraction peak positions with the addition of
CNFs. Both Dhkl and dhkl values remain invariant,
implying that the addition of CNFs had negligible
influence on the crystalline size of the polymer
blend. From the studies of crystallization morphol-
ogy, it can also be found that the loading of CNFs
could increase the degree of crystallinity but make
little effect on the crystalline size.

Mechanical properties

Mechanical properties of the polymer blend and
nanocomposite samples with different loadings of
CNFs were studied by tensile tests. Table III shows
the results obtained from the tensile tests.

It is observed in Table III that the tensile strength
of nanocomposites was enhanced with increasing
loading of CNFs. The maximum of 38% increase in
tensile strength was obtained with an addition of
3 wt % CNFs. It is indicated that the CNFs could
improve the tensile strength of UHMWPE/LDPE
blend effectively. However, the increase in tensile
strength is nonlinear. The increase value (38%) in
tensile strength of nanocomposites with 3 wt %
nanocomposite was just little more than the increase
value (35%) in tensile strength of nanocomposites
with 1 wt % nanocomposite.

The modulus of the nanocomposite with an addi-
tion of 0.5 wt % CNFs was decreased compared
with the UHMWPE/LDPE blend. But the modulus
of nanocomposites with loadings of 1 and 3 wt %
CNFs were increased. The variation in modulus was
influenced by multifactors. One of these factors is
the degree of crystallinity. Tensile modulus of the
matrix polymer could be increased with the
improvement in degree of crystallinity. Another fac-
tor is the concentration of CNFs due to their high
tensile modulus. The nanocomposites with an addi-
tion of 0.5 wt % CNFs had the lowest degree of crys-
tallinity (Table I) and the lowest concentration of
CNFs, which led to the lowest tensile modulus in all
specimens. When more CNFs were involved, rein-
forcement effects from CNFs on the modulus are
more obvious. Therefore, the modulus of the nano-

Figure 4 XRD patterns of nanocomposites with different
loadings of CNFs.

TABLE II
Calculated Results from XRD Patterns of Nanocomposites with Different Loadings of CNFs

Sample

2y (8) H (8) Dhkl (nm) d (nm)

110 200 110 200 110 200 110 200

Polymer blend 21.58 23.86 0.42 0.52 0.37 0.30 0.41 0.37
Nanocomposite with 0.5 wt % CNFs 21.58 23.86 0.42 0.53 0.37 0.30 0.41 0.37
Nanocomposite with 1 wt % CNFs 21.58 23.95 0.45 0.56 0.35 0.28 0.41 0.37
Nanocomposite with 3 wt % CNFs 21.58 23.95 0.42 0.53 0.37 0.30 0.41 0.37
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composite with addition of 3 wt % CNFs is the high-
est. The fracture surfaces of the nanocomposite sam-
ples after tensile tests were studied in the SEM
micrographs.

The morphology of fracture surfaces showed the
dispersion of CNFs and the phases of the compo-
nents in the nanocomposites, which could directly
affect the mechanical properties of the nanocom-

posites. Figure 5(a) is the SEM image of the
UHMWPE/LDPE blend fracture morphology, which
shows some small granules dispersed in the fracture
flake layer. These small granules are the infused
UHMWPE granules similar to those shown in Fig-
ure 1. It is known that UHMWPE has long polymer
chains, the molecular weight of UHMWPE (3.5 3
106 g/mol) being much bigger than that of LDPE (6

TABLE III
The Tensile Test Results of the Polymer Matrix and Nanocomposites

Sample
Tensile

strength (MPa)
Gain in

strength (%)
Tensile

modulus (MPa)
Gain in

modulus (%)

Polymer matrix 19.2 6 2.1 – 136.2 6 4.3 –
0.5 wt % CNFs 23.6 6 0.8 23 131.8 6 8.9 23
1 wt % CNFs 25.9 6 0.5 35 141.6 6 1.9 4
3 wt % CNFs 26.4 6 0.8 38 157.1 6 16.3 15

Figure 5 Fracture surfaces of nanocomposite samples after tensile tests (a) UHMWPE/LDPE blend; the granules were
highlighted by the three circles, (b) nanocomposites with 0.5 wt % of CNFs; numerous UHMWPE granules existed, (c)
nanocomposite with 1 wt % of CNFs; the CNFs were highlighted by the two circles, (d) nanocomposite with 3 wt % of
CNFs; the CNFs were highlighted by the four circles.
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3 104 g/mol). In the processing of UHMWPE/LDPE
blends by the twin-screw extruder, the polymer
chains of UHMWPE are only slightly untangled with
each other. Therefore, UHMWPE could have incom-
plete melting during the processing. Many studies
have found this phenomenon. Partial dissolution of
UHMWPE existed at the processing temperature of
2508C in twin-screw extruder, which could cause
many ‘‘fisheyes’’ in the UHMWPE/HDPE film.23

The UHMWPE dissolved up to about only 3 wt % in
the UHMWPE/HDPE blend.20 Figure 5(b) shows
that the amount and the bulk of the infused
UHMWPE granules was increased with the addition
of 0.5 wt % of CNFs. It is known that graphite mate-
rials are solid lubricates. The possible explanation
for this phenomenon is that the small amount of
CNFs caused a lubricate effect in the twin-screw ex-
truder which decreased the shear force inside the ex-
truder, and thus, resulted in less UHMWPE fused.
Figure 5(c,d) show that the infused UHMWPE gran-
ules disappeared in the nanocomposites with the
additions of 1 or 3 wt % CNFs. These results suggest
that when more CNFs were involved, the fusion of
UHMWPE could be easily realized due to the high
thermal conductivity of the CNFs, which implied
that thermal conductive effect of CNFs was more
dominant than lubricate effect in the nanocomposites
with the larger content of CNFs. The addition of
CNFs was shown to enhance the thermal conductiv-
ity of the polymer blend, which will be discussed in
our later study. It was also observed that the CNFs
dispersed in the fracture flake layer, which proved
that the twin screw-extruder has the good properties
in processing of nanocomposites.

The different fracture morphology of UHMWPE in
the blend and nanocomposites with 0.5, 1, and 3 wt %
were obvious in Figure 5. The UHMWPE/LDPE

blends had few infused UHMWPE granules. The
nanocomposite with the loading of 0.5 wt % CNFs
had the most infused UHMWPE granules. The nano-
composites with additions of 1 and 3 wt % CNFs
did not show visible infused UHMWPE granules.
The variation of infused UHMWPE granules could
affect the degree of crystallinity of the nanocompo-
sites directly. The infused UHMWPE granules are
hard to be crystallized because the chains had little
mobility. Therefore, the large amount of infused
UHMWPE granules could increase in the size of
amorphous regions and decrease the degree of crys-
tallinity in the nanocomposites. The existence of
infused UHMWPE granules can be the reason why
the degree of crystallinity of the nanocomposite with
0.5 wt % of CNFs was much lower than that of the
other nanocomposites and the UHMWPE/LDPE
blend. The variation in the amount of the infused
UHMWPE granules was also consistent with the
results of tensile modulus in Table III, i.e., the
infused UHMWPE decreased the tensile modulus of
the nanocomposites with 0.5 wt % CNFs through
decreasing the degree of crystallinity.

Dynamic mechanical properties

DMA analysis was applied to study the dynamic
mechanical properties including storage modulus
(E0) and damping factor (tan d) shown in Figures 6
and 7, respectively.

Figure 6 shows the storage modulus as a function
of temperature of the nanocomposites and the
UHMWPE/LDPE blend. The storage modulus of the
nanocomposites with additions of 0.5 wt % CNFs
was slightly decreased and the nanocomposite with
1 wt % CNFs had no significant change compared
with UHMWPE/LDPE blend. It can also be seen

Figure 6 The storage modulus of the nanocomposites and
UHMWPE/LDPE blends.

Figure 7 Damping factor of nanocomposites and
UHMWPE/LDPE blends.
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that the storage modulus of the nanocomposites
with an addition of 3 wt % CNFs was slightly
improved. The storage modulus is related to the
degree of crystallinity and molecular chain mobility
of the amorphous regions.24 According to the DSC
results in Table I, the addition of CNFs decreased
the degree of crystallinity, and thus, decreased the
storage modulus. On the other hand, the CNFs could
also hinder the mobility of polymer chains in amor-
phous regions, which could increase the storage
modulus. Therefore, for the semicrystalline polymer
blends, the differences in the storage moduli are not
significant due to the competitive effects of CNFs on
the both crystalline and amorphous phases in the
materials.

As the melting temperature is approached, the dif-
ference between the storage modulus of the nano-
composites and UHMWPE/LDPE blend decreased
gradually. At high temperature, the crystallization
region of the nanocomposites was destroyed, so the
storage modulus of nanocomposites depended only
on the intrinsic storage modulus of the matrix.

In the Figure 7, the addition of CNFs did not sig-
nificantly affect the damping factor (tan d) of the
polymer blend. It is also observed that the glass
transition temperature was negligibly affected by the
addition of CNFs. The damping factor of the nano-
composites depends on the dissipated energy caused
by friction between the matrix–matrix and fiber–ma-
trix. The small loading of CNFs in experiments
made negligible effect on the dissipated energy.

Thermal conductivity and stability

Figure 8 shows the variation of the thermal conduc-
tivity coefficient with the addition of CNFs. It is
obvious that the thermal conductivity coefficients of

the nanocomposites were increased with the addi-
tion of CNFs. The explanation is that CNFs have
good thermal conductivity which caused the
enhancement in thermal conductivity of the nano-
composites. The thermal conductivity coefficient of
the nanocomposite with 3 wt % CNFs is highest,
which indicates that the dispersal of CNFs is uni-
form.

The TGA curves of the nanocomposites and the
UHMWPE/LDPE blend are shown in Figure 9. It
can be found that the thermal stability of nanocom-
posites was slightly enhanced with the increasing
addition of CNFs, the nanocomposites with 3 wt %
CNFs had the maximum value of thermal stability.
This enhancement was as a result of the restriction
effect of CNFs on polymer chains and good thermal
stability of CNF itself.24 The CNFs also have the
good thermal conductivity so that they could distrib-
ute the heat in the nanocomposites and retard the
degradation of polymers caused by the heat concen-
tration in one region.

CONCLUSIONS

The lab size twin-screw extruder was initially
applied to make the CNFs reinforced a polymer
blend, UHMWPE, and LDPE, having very different
molecular weights and viscosity in melting state
between them, through which the complicated
effects of CNFs on the semicrystalline structures and
properties were investigated.

It was found that for the semicrystalline struc-
tures, the effects on the amorphous phase and crys-
talline phase are different, and even competitive.
The addition of CNFs into the UHMWPE/LDPE
blend could influence the degree of crystallization,
but made little effort in the crystalline structure of
the polymer matrix. The small amount of CNFs

Figure 8 Variation of thermal conductivity coefficient
with an addition of CNFs.

Figure 9 TGA curve of nanocomposites and UHMWPE/
LDPE blends under nitrogen.
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caused an increase in the amount of infused
UHMWPE particles in the blends, while the large
amount of CNFs exhibited the opposite effects. The
tensile strength and modulus of the nanocomposite
were increased due to the high strength and modu-
lus of the CNFs. The effects of CNFs on tensile
modulus of the nanocomposites were also relative to
the existence of the infused UHMWPE particles in
the materials. Dynamic mechanical properties of the
nanocomposites had slight variation compared with
UHMWPE/LDPE blend. The thermal conductivity of
nanocomposites had been increased with the increas-
ing loads of CNFs. The thermal stability of nanocom-
posites was slightly improved by the addition of
CNFs.
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